Circularly polarized synchrotron radiation of BESSY has been used to study the angular dependence of the spin polarization of photoelectrons emitted from X e (~x 1~) R30 ° Pd(lli). The spin-polarization component along the light helicity varies from + 1 for normal emission to -0 . 5 for emission angles larger than 45 ° . The data can be fitted by use of the theory for photoionization of free xenon atoms and yield the dynamical fit parameters A, ~,/~, ~ for the adsorbate. Good agreement is obtained with the gas phase data.
Introduction
Energy-, angle, and spin-resolved photoemission studies on adsorbate systems were up to now restricted to the highly symmetrical set up of normal light incidence and normal photoelectron emission [I-3] . By use of the circularly polarized synchrotron radiation at BESSY in Berlin, the photoemission from the valence bands of rare gas adlayers on metal single crystals yielded a complete spin polarization of photoelectrons parNlel or antiparallel to the photon spin. Thus a direct assignment of the symmetries of the electronic states of the adsorbates was possible [4] [5] [6] [7] . Similar normal-emission experiments at non-ferromagnetic single crystal surfaces [8] [9] [10] [11] [12] [13] allowed to characterize the symmetry of the bands involved and to perform a symmetry-resolved band mapping. The spin effects discussed here are based on the spin-orbit interaction and partly depend on the relativistic selection rules for dipole transitions with circularly polarized radiation [14] [15] [16] . In contrast to this, spin effects in photoemission from ferromagnetic solids [17] are primarily an effect of the initial states spin split due to the exchange interaction. * This article is dedicated to Professor Dr. J. Kessler, M/inster on the occasion of his 60th birthday Spin-resolved off-normal photoemission from solids (described in a three step model) contains the problem to distinguish between spin dependent effects in the photoelectron excitation, in the transport to the surface, and in the transmission at the surface [14] [15] [16] . This has been experimentally studied for off-normal photoemission from Pt(lll) [18] [19] [20] . Considering these results and to disregard spin effects due to photoelectron diffraction [21] the experiments with adsorbates concerning the present paper have been performed with the centro-symmetrical medium Z substrate Pd(111). Furthermore, the photoelectron emission was studied in the mirror plane of adsorbate and substrate. For this condition electron scattering only yields a spin-polarization component normal to the scattering plane, comparable to a single scattering process [14] [15] [16] 22 ]. Additionally we used Xe as adsorbate system because for a Xe single crystal the experimental LEED results can be well fitted within a single scattering (kinematic) approximation [23] . Finally, our adsorbate system was the well ordered Xe(13 ~/ / 3 ) R30 ° monolayer on Pal(lit). The photoelectrons studied are thus produced at the outermost atoms within the interface solid/vacuum.
It is the purpose of this paper to report on the first experiment of spin-resolved off-normal photoemission from an adsorbate and to quantitatively compare the results within an atomlike model with existing data of free atom photoionization also obtained at BESSY [24, 25] . This cross comparison is done, because a quantitative relativistic one step photoemission theory for adsorbates is not yet available and because at the Xe adsorbate the kinematic model is expected to be a good first approximation. The experimental study of angle-, spin, and energy-resolved photoionization of free Xe atoms enabled a quantum mechanical complete characterization, i.e. an experimental determination of all allowed matrix elements and phase-shift differences of the continuum wavefunctions. The direct comparison of the spinresolved photoionization results in the gas phase with photoemission from the adsorbate system should also answer the question, whether free-atom like phase-shift differences of final states and matrix element effects may also describe the photoelectron emission from a monolayer adsorbed.
Experimental set up
The measurements were carried out at the 6.5 m normal incidence monochromator [26] of the electron storage ring BESSY. A description of the experimental set up is given elsewhere [1, 2, 10] . The circularly polarized off-storage-ring plane synchrotron radiation hits normally the adsorbate system X e (~ ]//3)R30°/Pd(111), which was prepared at a base pressure of 4 x 10-it mbar and a temperature of 65 + 5 K on a LHe-cooled manipulator. The adsorbate geometry was controlled by LEED. The photoelectrons ejected are angle-and energy-analysed by a rotatable electron spectrometer [27] . The overall energy resolution was better than 150 meV at an angular resolution of +_ 3 °. Two electron spin polarization components A(O) (parallel to the light helicity) and P±(O) (perpendicular to the reaction plane, given by the momenta of light and electrons at the target) as defined in the left part of Fig. 1 are simultaneously determined by Mott scattering [22] . As in practice the synchrotron radiation is slightly elliptically polarized (degree of circular polarization _+93%), one has to take into account the azimuthal orientation ~ of the light ellipse. For an orientation of 4 =45 ° of the reaction plane with respect to the principal axes of the ellipse, for free atoms the spin polarization components depend on the light polarization by simple relations [24, 25] . Thus we have chosen the same geometry for the adsorbate studies, too. Fig. 1 explains the symmetry behaviour of the gas-phase photoionization plane as well as the reaction plane of adsorbate photoemission (described by the left part of Fig. 1 ). Our results presented below are dominated by the photoexcitation process within the experimental uncertainties and not by the transmission through the surface: photoelectron intensities and polarizations indeed do not show asymmetries when changing the emission angle from + O to -O or switching the light helicity from a + to a -apart from the sign change of the spin polarization. 
